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Pregnancy is often a stressful period with great biochemical, physiological, and anatomical changes in the body. Sometimes, these physiological changes cause pathological conditions, and problems and diseases for the pregnant mother. Hypertensive disorder is one of the most common complications during pregnancy and it occurs in 5--10% of pregnancies.\[[@ref1]\] Based on the latest classification system, these disorders are divided into five classes of gestational hypertension, preeclampsia, eclampsia, chronic hypertension, and superimposed preeclampsia.\[[@ref2]\]

Gestational hypertension and preeclampsia can occur with pregnancy. Only definitive treatment is termination of the pregnancy.\[[@ref3]\] Small numbers of risk factors for hypertensive disorders during pregnancy are known. Recent studies have suggested that height body mass index and weight gain during pregnancy are important risk factors for hypertensive disorders in pregnancy. Studies have shown that the risk of these disorders increases with obesity, being overweight before pregnancy, and excessive weight gain during pregnancy.\[[@ref4][@ref5]\] These conditions are associated with increased risk of preterm delivery, neonatal intensive care unit (NICU) admission, and fetal death. Moreover, these conditions form the second leading cause of death for pregnant women.\[[@ref6]\] It was also shown that 19% of maternal deaths after childbirth and 20% of deaths after stillbirth are due to these disorders.\[[@ref7]\]

High blood pressure during pregnancy can cause serious problems during childbirth, such as stroke, premature birth, or low birth weight.\[[@ref8]\] In addition, gestational hypertension and preeclampsia are the risk factors for future metabolic syndrome, insulin resistance, and cardiovascular diseases.\[[@ref9]\] Antihypertensive agents that seem to have no effect on pregnancy outcome are used for gestational hypertension treatment. However, it must be borne in mind that these studies were limited to the use of these drugs during pregnancy. On the other hand, these treatments are used after mid-pregnancy, when the potential risks of congenital anomalies have passed. However, complications such as fetal intrauterine growth restriction, fetal and neonatal bradycardia, and rare cases of thrombocytopenia have been reported due to the use of antihypertensive medications.\[[@ref10]\] Today, due to the limitations of therapies, much attention has been paid to the prevention of hypertensive disorders in pregnancy.\[[@ref11]\] Recently, a large number of women, according to the recommendations of the American Board of Obstetrics and Gynecologists and other organizations, engage in exercise during pregnancy.\[[@ref12]\] Evidence shows that exercise during pregnancy, even for women who have been sedentary before pregnancy, has beneficial effects.\[[@ref13]\] Exercise is one of the most effective ways to reduce the adverse effects of pregnancy, such as excessive weight gain\[[@ref14][@ref15]\] and hypertension.\[[@ref16]\] Most pregnant women choose walking as their exercise because it is easy to implement,\[[@ref17]\] but stretching exercise as physical activity could be done easier than walking; therefore, women adherence to this activity.\[[@ref18]\] Stretching exercises increase muscle flexibility that was measured in a previous study and could reduce the most common complaints such as back pain after childbirth.\[[@ref19]\]

Some studies on the relationship between physical activity and hypertensive disorders in pregnancy have shown that physical activity and exercise before or during pregnancy can reduce the risk of hypertensive disorders and preeclampsia.\[[@ref20][@ref21][@ref22]\] However, Heggard *et al*.\[[@ref23]\] and Vollebregt *et al*.\[[@ref24]\] have not reported any relationship between these factors in their studies. In addition, the study results of Østerdal *et al*. showed that high-intensity physical activity in the first trimester of pregnancy may increase the risk of preeclampsia.\[[@ref25]\] In total, there are discrepancies between the present studies, and most of the studies are cohort and case--control studies. To investigate the effect of physical activity on the prevention of high blood pressure during pregnancy, further studies are needed with better quality and semi-experimental trial designs. The purpose of the present study was to investigate the effects of walking and stretching exercises on blood pressure during pregnancy.
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The present study was a quasi-experimental study with pre- and post-test design. The participants were randomly selected from two health centers in Isfahan, Iran, from April 2011 until November 2012. 118 healthy pregnant women in their second trimester were selected. Furthermore, they were randomly placed in three groups of walking (*n* = 29), stretching exercises (*n* = 30), and routine care (*n* = 59). A written informed consent was obtained from every participant. This study was approved by the Ethics Committee of Isfahan University of Medical Sciences. The inclusion criteria of subjects in the present study included: First pregnancy, gestational age 18-22 weeks, willingness to participate in the study, a live fetus, women aged between 19 and 35 years, body mass index less than 30 kg/m^2^, absence of a family history of preeclampsia (mother and sister), no history of stretching exercises before pregnancy, and noprohibition to participating in stretching and walking exercises including movement disabilities, obstetric contraindications (history of threatened abortion, preterm birth risk in the current pregnancy, vaginal bleeding, history of preterm delivery, placenta previa, any problem in the waist or hips, hypertension, cardiovascular disease, incompetent cervix, leaking amniotic fluid, dizziness, headache,), and any kind of problem due to which inactivity is prescribed by the physician. Subjects from two public health centers in Isfahan were interviewed via phone calls, and were updated regarding the exercises and walking after the completion of the questionnaire and consent form. They were placed in three groups of stretching exercises, walking and routine care, based on their own preference.

For the group with stretching exercises, the program lasted 20 weeks; each week consisted of a maximum of five and a minimum of three sessions and each session lasted about 45 minutes. Each session consisted of three parts: Warm-up, stretching (1. back stretch to correct the curvature, 2. unilateral neck stretch, 3. neck rotating, 4. up and down movement of the head, 5. moving the chin upward with stretch, 6. stretching the chest with the hands crossing over the chest, 7. hand and arm stretch, 8. unilateral stretch of the body while seated, 9. child pose, 10. cat pose, 11. hamstring stretch, 12. pelvis tilt, 13. groin stretching, and 14. V stretching of the thighs), and cooling down (including relaxation and breathing exercises). Stretching exercises were copied on a compact disc and were handed to the group with stretching exercises. Pressure and the repetition of each exercise were determined based on individual abilities. Incremental exercise was performed in three stages. Due to lack of space, two training sessions per week were performed at home and one session per week at the health center by exercise rehabilitator. Emergency exercise stopping criteria were: Shortness of breath, palpitations, dizziness, headache, nausea, severe or sudden abdominal pain, chest pain, back pain, pain in pubic area, vaginal bleeding, and reduced fetal movements after training.\[[@ref26]\] Due to lack of space in the health centers, the 3-days-a-week exercises were limited to one session training in the health center and a minimum of two and maximum of four sessions at home. The exercises along with the warnings and necessary awareness were provided for the subjects on a compact disc. The exercises were performed at home for 30 to 45 minutes. The participants visited the health centers 1 day a week and their blood pressure was measured before the exercise and 15 min after the exercise.

The group with walking exercise walked slowly for a maximum of 20 weeks, with a minimum of three sessions and a maximum of five sessions in each week, and each session lasted for 30--45 minutes. The pressure of walking was adjusted by a breathing test. The participants were taught to repeat a standard sentence while walking without shortness of breath. The sentence was "my Lord is the greatest, the most merciful, the most knowledgeable, and the most capable." At the end of each week, the subjects referred to the related relevant health center for blood pressure measurement and monitoring for signs of preeclampsia and possible problems associated with it. The volunteers' blood pressure was recorded after each weekly session. Moreover, the mean blood pressure was used for comparison of the second trimester and third trimester of pregnancy.

The routine care group was asked to refer to the health center as routine clinical visits for measurement of hypertension and severity of preeclampsia. Prenatal care performed by midwives or physician at health centers consisted of: Pressure control, body temperature, fetal heart rate, health and nutritional counseling and trainings, and routine tests during pregnancy according to the integrated national guidelines for maternal care. The frequency of meetings for low-risk mothers was eight times, during 6--10, 16--20, 26--30, 31--34, 35--37, 38, 39, and 40 weeks of gestation.\[[@ref27]\] Since blood pressure had to be measured in the second half of the pregnancy to the end of pregnancy in this study, the researcher measured blood pressure of the control group seven times, and the subjects' blood pressure was recorded and controlled based on their medical records in health centers. Data were analyzed using SPSS for Windows (version 16; SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) test was used to compare demographic characteristics and fertility. ANOVA with repeated data was used to compare blood pressure in the three groups.
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In the present study, 118 patients were selected, of whom 2 in the stretching exercise group, 3 in the walking group, and 5 in the routine care group were excluded during the study. Thus, statistical analysis was performed on 108 subjects. Age, gestational age, body mass index, and systolic and diastolic blood pressure in all three groups showed no significant difference (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\]. Mean systolic and diastolic blood pressure in all three groups of stretching exercises, walking, and routine care during the three periods (pre-test, post-test I, and post-test II) are shown in [Table 2](#T2){ref-type="table"}. The results showed that systolic and diastolic blood pressure in the three study groups had a significant difference (*P* \< 0.05). Tukey\'s test showed that the difference between systolic and diastolic blood pressure of stretching exercises group and both groups of walking (*P* \< 0.05) and routine care (*P* \< 0.05) was significant. Nevertheless, the difference between walking group and routine care (*P* \> 0.05) was not significant. [Figure 1](#F1){ref-type="fig"} shows the comparison of changes in systolic and diastolic blood pressure of the three groups of stretching exercises, walking, and routine care in pre-test and post-test I and II.
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Comparison of demographic characteristics revealed that the groups were similar in terms of age, gestational age, body mass index, and systolic and diastolic blood pressure. Therefore, the sampling method was good, and the results of this study seem reliable. To answer the aim of the present study, which was the comparative effectiveness of stretching exercises and walking on systolic and diastolic blood pressure of pregnant women during pregnancy, the results showed that stretching exercises compared to walking and routine care (no exercise) resulted in better control of systolic and diastolic blood pressure during pregnancy. In other words, it was shown that stretching exercises compared to walking could better decrease systolic and diastolic blood pressure in the second trimester and control their increase in the third trimester. In contrast, it was shown that the curve of systolic and diastolic blood pressure changes in the walking group was similar to the routine care group. Therefore, in this study it was concluded that walking does not affect systolic and diastolic blood pressure.

Pregnancy causes an increase in blood volume, an increase in cardiac output, and a slight increase in stroke volume; but with the increase in blood volume, blood pressure does not change significantly during pregnancy. However, studies have shown that a slight decrease in blood pressure occurs especially in the second trimester of pregnancy.\[[@ref1]\] It was also observed in our study that the systolic and diastolic blood pressure had fallen slightly in the second trimester. This might be due to the fact that in addition to the physiological nature of the pregnancy in the second trimester, exercise decreases blood pressure. In contrast, during the third trimester, systolic and diastolic blood pressure in all three groups showed a slight increase. One possible reason for this was that the patients were approaching the time of delivery and, thus, their psychological stress and fear of childbirth increased. However, stretching exercises could control systolic and diastolic blood pressure better than walking in the third trimester of pregnancy. According to previous studies, oxidative stress will possibly increase in this period, which is expected to increase blood pressure. However, studies have shown that stretching reduces oxidative stress, or in other words, produces anti-oxidative activity.\[[@ref28][@ref29]\] Based on the present results, it seems that the proposed mechanism for the control of hypertension in the third trimester of pregnancy in the stretching exercises group is that regular stretching exercises is associated with increased endogenous antioxidants.\[[@ref30]\]

Sorenson *et al*. concluded in their study that the increase in energy expenditure during mild to moderate exercise during pregnancy reduces the risk of preeclampsia.\[[@ref20]\] The results of other studies show the fact that physical activity before and during pregnancy reduces the risk of preeclampsia and hypertensive disorders of pregnancy.\[[@ref21][@ref22][@ref31][@ref32][@ref33]\] Yeo, in his clinical trials, experimented on the effects of walking and stretching exercises on the risk of preeclampsia. Systolic blood pressure had significantly increased in the walking group (*P* \< 0.01), while for the stretching group, this change was not significant. Diastolic blood pressure decreased significantly in the stretching group (*P* \< 0.05), but there was no significant change in the walking group.\[[@ref30]\] In another report of Yeo *et al*., the incidence of preeclampsia in the walking group was 14.6% and in the stretching exercise group was 2.6%. In addition, the mean transferrin levels, as an indicator of antioxidants, were significantly higher in the stretching group compared to the walking group (*P* \< 0.05).\[[@ref33]\] This indicates that the stretching exercises had better effect on reducing blood pressure during pregnancy. This can be due to the endogenous antioxidant produced by regular stretching exercises, and was consistent with the current research.

Tyidum *et al*.,\[[@ref34]\] Rudra *et al*.,\[[@ref35]\] Heggard *et al*.,\[[@ref23]\] and Vollebregt *et al*.\[[@ref24]\] showed that physical activity before pregnancy does not lower the risk of preeclampsia or gestational hypertension. This was consistent with the results of the present study in the walking group. The reasons for the inconsistency of the results of these researches with that of the stretching exercises group could be due to not having a single definition for physical activity, different instruments used to measure physical activity, and the study method which was the prospective cohort method.
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The results of this study have shown that stretching exercise intervention can prevent the risk of hypertensive disorders during pregnancy. Accordingly, it is recommended that pregnant women engage in stretching exercises during pregnancy, and use these exercises more often during this period. Since it is easier to perform stretching exercises than to walk, they can be more committed to these exercises. As mentioned, despite the ease of performing stretching exercises, they have benefits such as controlling hypertension during pregnancy. Therefore, health and fitness professionals should pay more attention to preparation and delivery of a variety of sports programs with different stretching techniques and encourage pregnant women to engage in this kind of exercise.
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